Seven compounds belonging to different structural skeletons were isolated from Microsphaeropsis olivacea grown in liquid and solid media. The enalin derivative 7-hydroxy-2,4-dimethyl-3(2H)-benzofuranone is reported for the first time, while additional spectroscopic information is provided for the acetates of botrallin and ulocladol.
Introduction
The gymnosperm tree Pilgerodendron uviferum (D. Don) Florin shows association with endophytic fungi, some of them could be grown in culture from wood samples. One of the endophytes isolated from a sample collected in Chiloe island (Chile) was Microsphaeropsis olivacea (Bonord.) Hohn. This fungus has been previously isolated from the peduncle bark and xylem of Eucalyptus globulus (Bettucci and Saravay, 1993; Lupo et al., 2001) , from lichens (Seephonkai et al., 2002) as well as from marine spongi including Agelus sp., collected from Sombrero Key East, Florida, Myxila incrustans, from the island of Helgoland, Germany, and Aplysina aerophoba, from the Mediterranean Sea.
Endophytic fungi are eukaryotic organisms that live inside the plant tissues and behave as plant hosts (Petrini, 1996) . The association is symbiontic and both organisms profit from the relationship. Endophytes are presumably ubiquitous in plants with populations dependent on host species and location. Some endophytes isolated from gymno-0939Ð5075/2005/0100Ð0011 $ 06.00 " 2005 Verlag der Zeitschrift für Naturforschung, Tübingen · http://www.znaturforsch.com · D sperms have been shown to produce secondary metabolites with very strong fungicidal and bactericidal activity (Tan and Zou, 2001 ). Endophytes are considered as a potential source of bioactive metabolites (Strobel and Daisy, 2004) .
In Chile, the native gymnosperms comprise 4 families with 8 genera and 9 species, most of them restricted to the southern part of the country and the eastern Andean slopes in Argentina. The genus Pilgerodendron (Cupressaceae) is monotypic and endemic with a distribution in the South American subantarctic forests. The trees grow at an altitude of 0Ð600 m above sea level. According to the conservation status, the species has to be considered vulnerable (Marticorena and Rodriguez, 1995) .
Search for active compounds from endophytes in Chilean gymnosperms is a challenge since the native species belonging to this plant group have a restricted distribution, unique evolutionary traits and their conservation status is vulnerable. The aim of the present work was to take into culture, to isolate and identify active secondary metabo-lites from the endophytic fungus Microsphaeropsis olivacea isolated from Pilgerodendron uviferum (D. Don) Florin ("Cipres de las Guaitecas").
Materials and Methods

Isolation and culture of the endophytic fungus
The fungus Microsphaeropsis olivacea (Bonord.) Hohn was isolated from the phloem of the native tree Pilgerodendron uviferum (D. Don) Florin (Cupressaceae). The plant sample consisting of branches and leaves was collected in Chiloe island on march 04, 2002. The samples were surface-disinfected with 5% sodium hypochlorite and 70% ethanol and placed in PDA medium (potato/ dextrose agar: 20 g dehydrated mashed potatoes, 20 g glucose, 15 g agar in 1 l water, pH 5.5) supplemented with antibiotics (penicillin G, 30 mg/l; streptomycin, 30 mg/l) and cultured at 25 ∞C according to the methodology described by Bills (1996) . A voucher specimen of the tree was deposited at the Herbarium of the Universidad de Talca under reference number 2732. The fungus was identified by Prof. Eduardo Piontelli, Universidad Cató lica de Valparaíso and it is kept at the microbial strain collection from the Universidad de Talca.
The fungus was cultured in two different liquid media, potato/glucose (PG: 20 g dehydrated mashed potatoes and 20 g glucose in 1 l water, pH 5.5) and yeast extract/malt extract/glucose (YMG: 4 g yeast extract, 10 g malt extract, 10 g glucose, in 1 l water, pH 5.5), as well as on solid medium (rice). The liquid cultures were maintained at 25 ∞C under shaking (150 rpm). After glucose consumption, the cultures were filtered to obtain the mycelium and culture filtrate. Both were separately extracted with ethyl acetate (EtOAc) to afford a culture filtrate and the mycelium extract. The extraction yields of the cultures in different liquid (PG and YMG) and a solid medium (rice) were 470 mg/ l, 245 mg/l and 23.3 g/kg, respectively.
Antibacterial and antifungal activity
The isolated compounds were assessed for antimicrobial activity by the agar diffusion method at a concentration of 50 µg/disk towards the following microorganisms: Gram positive bacteria: Bacillus subtilis (ATCC 6633) The activity of the compounds against the phytopathogenic Gram negative bacteria Erwinia carotovora (INIA) and Pseudomonas syringae (INIA) was assessed by the microdilution assay (Eloff, 1998) in 96-well microtiter plates. The bacterial inoculum was prepared to give approx. 10 4 Ð 10 5 colony forming units (CFU) per well. Stock solutions of compounds in DMSO were diluted to give serial twofold dilutions that were added to each medium resulting in concentrations ranging from 1.92 up to 250 µg/ml. The final fraction of DMSO in the assay did not exceed 2%. The plates were incubated overnight at 25 ∞C. To assess bacterial growth, the dye 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT) was dissolved in water (0.5 mg/ml), added to the microplate wells and incubated at 25 ∞C for 30 min. The absorbance was read in an universal microplate reader (Bio-Tek Instruments, INC, Vermont, USA) at 515 nm. The results were transformed to percentage of controls and the IC 50 values were graphically obtained from the dose-response curves. Penicillin G and streptomycin were used as standard antibacterials.
Acetylcholinesterase inhibition activity
The assay for measuring acetylcholinesterase (AChE) activity was carried out according to Ló -pez et al. (2002) . Briefly, some 50 µl of AChE solution (0.25 U/ml) in phosphate buffer (8 mm K 2 HPO 4 , 2.3 mm NaH 2 PO 4 , 0.15 m NaCl, 0.05% Tween 20, pH 7.6) and 50 µl of the sample dissolved in the same buffer were added to the wells. The plates were incubated for 30 min at room temperature before the addition of 100 µl of the substrate solution [0.1 m Na 2 HPO 4 , 0.5 m 5,5Ј-dithiobis(2-nitrobenzoic acid) (DTNB), 0.6 mm acetylthiocholine iodide (ACTI) in distilled water, pH 7.5]. The absorbance was read in a Bio-Tek Instrument microplate reader at 405 nm after 3 min. Enzyme activity was calculated as the percentage compared to a control using buffer and enzyme solution only. The IC 50 values were calculated from three individual determinations.
Cytotoxicity
The cytotoxic effect of the compounds, expressed as cell viability, was assessed on the permanent fibroblast cell line derived from human lung (MRC-5) (ATCC Nr CCL-171). MRC-5 fibroblasts were grown as monolayers in minimum essential Eagle medium (MEM), with Earle's salts, 2 mm l-glutamine and 1.5 g/l sodium bicarbonate, supplemented with 10% heat-inactivated fetal bovine serum (FBS), 100 IU/ml penicillin and 100 µg/ ml streptomycin in a humidified incubator with 5% CO 2 in air at 37 ∞C. Cells were seeded at a density of 2.5 ¥ 10 3 cells per well in 96-well plates. Confluent cultures were treated with medium containing the compounds at concentrations ranging from 3.8 up to 1000 µm. The substance was firstly dissolved in DMSO and then in the medium supplemented with 2% FBS. The final content of DMSO in the test medium and controls was 1%. Cells were exposed for 24 h to test medium with or without the compound (control). Each drug concentration was tested in quadruplicate, and repeated three times in separate experiments. At the end of the incubation, the neutral red uptake (NRU) assay was carried out as described by Rodríguez and Haun (1999) . To calculate the IC 50 values the results were transformed to percentage of controls and the IC 50 values were graphically obtained from the dose-response curves.
Fungal culture and isolation of secondary metabolites
Solid culture
Microsphaeropsis olivacea was cultured in some 6 flat culture bottles (Kolle flasks) containing 50 g rice and 50 ml distilled water each, autoclaved at 121 ∞C for 20 min. Each flask received 20 ml of a spore suspension (10 5 CFU/ml) under sterile conditions. After 30 d growing at 25 ∞C, ethyl acetate (3 ¥ 300 ml) was added to each bottle, sonicated for 20 min, filtered and taken to dryness to afford 8.1 g of a crude extract. The extract was successively partitioned with chloroform and methanol to yield some 7.0 g of CHCl 3 and 1.1 g of MeOH extract, respectively.
The CHCl 3 extract (7.0 g) was chromatographed on a silica gel column (70 cm, internal diameter 4.5 cm) with a petroleum ether (PE), PE/ethyl acetate (EtOAc), acetone and methanol (MeOH) gradient. Some 46 fractions of 250 ml each were collected and pooled as follows: PE (0. 
Culture in liquid media
The fungus was cultured in potato/glucose (PG) medium at 25 ∞C under agitation (150 rpm) in 2 l Erlenmeyer flasks (9 ¥ 0.8 l) to a total volume of 7.2 l. The glucose was consumed after 13 d. Mycelium (ML) and culture filtrate (CF) were separated by filtration and extracted with EtOAc to afford 3.38 g of a CF and 3.74 g of a ML extract. The CF (800 mg) extract was chromatographed on a silica gel column (70 cm, internal diameter 3.5 cm) with a petroleum ether (PE), PE/EtOAc and MeOH gradient. Some 8 fractions of 200 ml each were collected as follows: PE (fraction 1, 0.6 mg); PE/EtOAc 9:1 v/v (fraction 2, 7.8 mg); PE/EtOAc 8:2 v/v (fraction 3, 17.7 mg); PE/EtOAc 7:3 v/v (fraction 4, 28.9 mg); PE/EtOAc 1:1 v/v (fraction 5, 231 mg); EtOAc (fraction 6, 175.9 mg); EtOAc/MeOH 1:1 v/v (fraction 7, 243.8 mg) and MeOH (fraction 8, 35.5 mg).
Fraction 5 (230 mg) was re-chromatographed on a medium pressure column (silica gel) using PE/ EtOAc 6:4 v/v as the mobile phase. Some 160 fractions of 4 ml each were obtained and pooled according to their TLC patterns in eight groups: fraction I (7 mg); fraction II (24.4 mg); fraction III (21.3 mg); fraction IV (37.3 mg); fraction V (17.5 mg); fraction VI (24.0 mg); fraction VII (19.2 mg); fraction VIII (56.6 mg). From fractions IV (37.3 mg) and V (17.5 mg), after preparative TLC on silica gel using CHCl 3 as the mobile phase (two developments) 7.7 mg botrallin (compound 4, Rf 0.625) and 6.5 mg graphislactone A (compound 2, Rf 0.45) were obtained, respectively. Preparative TLC of fraction VI (silica gel, PE/EtOAc 6:4 v/v) yielded 2.0 mg of 2,5-diacetylphenol (compound 5, Rf 0.625), 2.2 mg of 7-hydroxy-2,4-dimethyl-3(2H)-benzofuranone (compound 6, Rf 0.55) and 4.9 mg enalin (compound 7, Rf 0.40).
The fungus was also cultured in YMG medium to compare the production of secondary metabolites under different nutrient conditions by HPLC.
Identification of the main secondary metabolites by analytical HPLC
The extracts obtained from liquid and solid cultures were compared by analytical HPLC to identify and quantify the main compounds present in each medium. The quantitative determination of each compound in the samples was performed as reported by Sá nchez-Rabaneda et al. (2003) with some modifications. HPLC analysis was performed using a HPLC-DAD Merck-Hitachi (Darmstadt, Germany) equipment consisting of a L-6200 pump, a L-4000 UV detector and a D-2500 chromato-integrator. A Luna C18 column (250 ¥ 4.60 mm. i.d., 5 µm film thicknes) was used. The compounds were monitored both at 254 nm and in the range of 200Ð400 nm. The mobile phase used was water/acetonitrile 60:40 (v:v) and 0.1% formic acid at a flow rate of 0.8 ml/min. The correlation between concentration/peak area was assessed by the ordinary least square regression model. The correlation coefficient r 2 was 0.9998. The identity of the compounds was checked by UV spectra and coinjection with the isolated products. The results are presented as mg/l for the PG and YMG media and as mg/kg for the solid medium (rice). The content and composition of the extracts are summarized in Table IV Table I .
The spectroscopic data for compounds 2 and 2a are in agreement with those reported in literature (Tanahashi et al., 1997 (Tanahashi et al., , 2003 .
Ulocladol ( Table I . The spectral data are in agreement with those published by Tanahashi et al. (1997) and Höller (1999 Table I . The spectroscopic data agree with those reported by Höller (1999). Table I ) of compound 4 nicely agree with those reported by Kameda et al. (1974) for botrallin. The 13 C NMR assignments are reported for the first time (Table I) .
Botrallin Table I . 178.0674), 178 (10), 151 (11), 135 (100), 107 (38). Ð For 1 H NMR: see Table II . Table II . Enalin [2,7-dihydroxy-2,4-dimethyl-3(2H)-benzofuranone] (7) The structure of compound 5 followed from the 1 H NMR spectrum as well as from MS that indicate an 1,2,5-trisubstituted benzene ring with two COCH 3 and a hydroxy group. Related compounds have been reported from Artemisia campestris (De Pascual et al., 1981; Gonzá lez et al., 1983) . Compound 5 was not found in databases like the Dictionary of Natural Products on CD-ROM (2004) but it was described as a synthesis intermediate (Cao et al., 2002) . The 1 H NMR spectrum of compound 6 was similar to that of enalin (7), differing mainly due to the presence of a q at δ 4.63 which coupled with a methyl d at δ 1.54, instead of the s at δ 1.53 of enalin. The HRMS of 6 showed a molecular ion at m/z 178 which agrees with the molecular formula C 10 H 10 O 3 and supports the proposed structure. The spectroscopic data assigned to the 7-hydroxy derivative of enalin was not previously reported as a natural product.
7-Hydroxy-2,4-dimethyl-3(2H)-benzofuranone
Results and Discussion
Some seven compounds belonging to different structural skeletons (Fig. 1) were isolated from Microsphaeropsis olivacea grown in liquid as well as in solid media. The enalin derivative 6 is reported for the first time while additional spectroscopic information is provided for the compounds 3a, 3b and 4a.
At 50 µg/disk, compounds 1Ð7 were inactive against the Gram positive bacteria Bacillus subtilis, Micrococcus luteus and the fungi Mucor miehei, Paecilomyces variotii, and Penicillium notatum. The IC 50 value of the compounds was determined against Erwinia carotovora and Pseudomonas syringae as well as the MIC values towards Botrytis cinerea and Alternaria alternata. Butyrolactone I (1) presented some activity against E. carotovora with an IC 50 of 94.5 µg/ml while none of the compounds can be regarded as promising against Pseudomonas syringae (IC 50 > 250 µg/ml). Ulocladol triacetate (3b) was quite active towards Botrytis cinerea and Alternaria alternata, with MIC values of 62.5 µg/ml while botrallin (4) presented a selective effect against A. alternata (Table III) .
Compounds 2 and 4 presented a moderate activity towards AChE, with IC 50 of 8.1 and 6.1 µg/ml (27 and 19 µM, respectively) . Under the same experimental conditions, the IC 50 value of the standard inhibitor galanthamine was 3 µg/ml. The cy- totoxicity of compounds 2 and 4 were > 1000 and 330 µm, respectively. Butyrolactone I (1) has been previously obtained by Rao et al. (2000) from Aspergillus terreus. It displayed antibacterial and antifungal activity. It is a selective inhibitor of eukaryotic cell kinases dependant from cyclin. Butyrolactone inhibits the cyclin-dependant kinases cdk1 and cdk2 from mammalian cells with an IC 50 of 2.6 and 0.8 mm, respectively (Schimmel et al., 1998) . Butyrolactone I was able to inhibit several CDK/ cyclin complexes in vitro as well as in vivo (Schütte et al., 1997) .
Graphislactone A (2) was isolated from a spore culture of the mycobiont lichen Graphis scripta var. pulverulenta (Tanahashi et al., 1997) and from G. prunicola (Tanahashi et al., 2003) . Ulocladol (3) was previously reported as a metabolite from the fungus Ulocladium botrytis, isolated from the sponge Callispongia vaginalis (Faulkner, 2001) . The compound proved to be active towards the tyrosine kinase (p56 lck ) (Höller et al., 1999a; Kirsch, 1999) . Botrallin (4) was first isolated from Botrytis allii (Kameda et al., 1974) and Ulocladium botrytis (Höller et al., 1999a; Kirsch, 1999) . The compound presented activity as an inhibitor of tyrosine kinase (Höller et al., 1999a) .
Enalin (7) was isolated from the mycoparasite Coniothyrium minitans by Machida et al. (2001) as well as from Verruculina enalia, a fungus growing on decayed wood in a salt lake in the Bahamas (Lin et al., 2002) .
Microsphaeropsis olivacea has been reported to produce several biologically active compounds including cerebrosides (Keusgen et al., 1996) , unusual fatty acids and its glycerides (Yu et al., 1996; Höller, 1999) , microsphaeropsisin, (R)-mellein, (3R,4S)-hydroxymellein, (3R,4R)-hydroxymellein, 4,8-dihydroxy-3,4-dihydro-(2H)-naphthalen-1-one (Höller et al., 1999b) , microsphaerones A and B ), preussomerins (Seephonkai et al., 2002 , anthraquinones and betaenone derivatives (Brauers et al., 2000) .
The fungus Microsphaeropsis olivacea has been recently reported as the agent of a human skin infection (Guarro et al., 1999) and as a very rare ocular pathogen (Shah et al., 2001) .
The HPLC trace of the crude extracts and the content of the main compounds in different media is shown in Fig. 2 . Under our working conditions, the R t of enalin (7), 2,5-diacetylphenol (5), botrallin (4), graphislactone A (2) and butyrolactone I (1) was 6. 64, 12.19, 23.57, 40 .37 and 42.11 min, respectively. The production of the main secondary metabolites by Microsphaeropsis olivacea grown in liquid and solid medium is presented in Table IV . High variability in the production of the secondary metabolites associated with the culture medium was observed. The best yields were obtained when the fungus was grown on solid medium. This is the first report on the production of natural products previously obtained from marine fungi by an endophytic fungus of a native South American gymnosperm. This fact pointed out to the potential of endophytes from native species when looking for new sources of bioactive compounds.
